Objectives: To investigate associations between exposures in the silicon carbide (SiC) industry and mortality from non-malignant diseases. Methods: Mortality among 2562 men, working in one of three silicon carbide smelters was investigated, giving 52 618 person-years of follow up from 1962 to 1996. Dose-response relations were investigated by internal comparisons using Poisson regression and by stratified standardised mortality ratio (SMR) analyses. Results: Mortality from all causes was significantly raised compared with the Norwegian mortalities among men, SMR=1.12, (95% confidence interval (95% CI) 1.05 to1.20). An excess mortality from asthma, emphysema, and chronic bronchitis combined was found, SMR=2.21 (95% CI 1.61 to 2.95), increasing from 1.05 in the unexposed category to 2.64 (95% CI 1.44 to 4.43) in the upper category of exposure to total dust. The Poisson regression analysis confirmed the results from the stratified SMR analyses, and suggested that smoking did not act as a confounder. No association was found for circulatory mortality. Conclusions: There was an increased mortality from asthma, emphysema, and chronic bronchitis combined among SiC workers exposed to dust .
S
ilicon carbide (SiC) is produced by heating a mixture of quartz and petrol coke to more than 2000°C in open electrical resistance furnaces. Workers in the process departments are exposed to SiC fibres, SiC particulates, crystalline silica, carbon monoxide (CO), and sulphur dioxide (SO 2 ) as well as small amounts of polycyclic aromatic hydrocarbons (PAHs).
Silicon carbide fibres have shown carcinogenic and fibrogenic properties in animal experiments comparable with or greater than those of asbestos. 1 Contrary to the fibres, angular (non-fibrous) SiC materials have only shown weak or no toxic properties in experimental studies. 2 3 In 1941 a case of severe silicosis was reported in a Norwegian smelter. Subsequently, all the production workers were examined for silicosis, and in 1948 Bruusgaard reported that a total of 49 of the 222 workers examined had pneumoconiotic changes. 4 More recent morbidity studies among SiC workers have also shown pneumoconiotic changes and other respiratory symptoms. 5 6 Only one mortality study has earlier been published from this industry. 7 The study showed an excess mortality of both lung cancer and non-malignant respiratory diseases among Canadian silicon carbide production workers exposed to dust. 7 As well as the dust problem, SiC production leads to high concentrations of CO in the working atmosphere. This represents a serious acute hazard, with several episodes of CO intoxications. The long term effects of exposure to CO are less certain, but it has been suggested that it is a risk factor for ischaemic heart disease. 8 Recently a job exposure matrix for three Norwegian silicon carbide plants was established. 9 Based on this, a dose-response relation was shown between exposure to dust containing SiC fibre and crystalline silica and an increased incidence of lung cancer. 9 The purpose of the present study was to study non-malignant mortality among SiC smelter workers, using employees' working history, the established job exposure matrix, and data on smoking.
MATERIALS AND METHODS
The present study comprises three SiC plants in Norway; A started operation in 1913; B in 1963; and C in 1965. A job exposure matrix covering all three plants had already been established. Further details of the exposure assessment, levels of exposure, data on smoking, the process, and the smelters are given elsewhere. 9 Information on each employee was obtained from company records. The company records included 2720 men. Of these, 98 men were found to have died before 1961, and 60 men (3%) were not traceable. This left 2562 men identified by a unique personal identification number to the study.
Cumulative exposure was used as an indicator of individual dose and potential induction and latency periods were investigated by lagging exposure by 20 and 40 years. 10 The follow up of mortality started after 6 months of employment (net employment time) or from 1 January 1962 if the 6 months date of employment was reached before that date. Observation continued until 31 December 1996 or to the time of death or emigration. The cohort contributed 52 618 person-years at risk to the study.
The grouping of causes of death was based on the World Health Organisation, 9th revision of the international classification of diseases (ICD-9), three digit code.
Cause specific mortality was analysed by calculation of the standardised mortality ratio (SMR) where the expected numbers were calculated from the biannual national mortality among men by 5 year age groups. The homogeneity in the SMRs across age and calendar period strata was checked with a χ 2 goodness of fit test in the program package StatXact-4.
Poisson regression was used for the investigation of internal dose-response relations and for the exploration of potential confounding from smoking. Age was included in the models using six age groups (<55, 55-59, 60-64, 65-69, 70-79, >80), and period of diagnosis was included using three calendar periods (1962-70, 1971-84, and 1985-96) .
Potential confounding by factors related to region of residence was investigated in supplementary internal analyses including indicator variables for plant.
Trend tests were performed by assigning scores from 1 to 4 to the four exposure categories, or by applying the mean cumulative exposure to the exposure categories.
The calculations of SMR and the Poisson regression analyses were performed with the program package "EPICURE".
11

RESULTS
The total number of deaths among SiC workers was significantly increased compared with the expected figures (table 1), SMR 1.12 (95% CI 1.05 to 1.20 ). An excess mortality from cancer, SMR 1.18 (95% CI, 1.03 to 1.35), and an excess mortality from non-malignant respiratory diseases, SMR 1.36 (95% CI 1.07 to 1.70) was found. Mortality from circulatory disease was close to that expected (SMR 1.01, (95% CI 0.91 to 1.12)), whereas the mortality from cerebrovascular diseases and sudden death were increased. We found no association between cumulative exposure to CO and mortality from ischaemic heart disease, nor between exposure to CO and mortality from cerebrovascular diseases or sudden death (results not shown). A substantial excess mortality from asthma, emphysema, and chronic bronchitis combined was found (SMR 2.21 (95% CI 1.61 to 2.95)). The overall mortality pattern was similar for all the plants.
There were indications of a positive association between cumulative exposure to total dust and mortality from chronic obstructive lung disease, which apparently became clearer when restricting the analyses to workers employed for more than 3 years (table 2). Lagging of exposure did not add to the evidence.
Mortality from obstructive lung disease was further investigated in a Poisson regression analysis (table 3) . The analysis showed essentially the same results as the stratified SMR analysis, and suggested that confounding from smoking was probably minor. In an additional internal analysis of chronic obstructive lung disease, we included the contributing causes of death together with the underlying cause. This analysis showed similar results to the precedent analyses (results not shown).
There were also more deaths from pneumoconiosis than expected (SMR 7.9 (95% CI 2.9 to 17)), based on five observed deaths from silicosis and one death due to asbestosis restricted to one of the plants. The five deaths from silicosis were all people employed for more than 25 years in the SiC industry, whereas the single death from asbestosis was a worker employed for less than 1 year.
DISCUSSION
The present study showed an overall increased mortality from asthma, chronic bronchitis, and emphysema among SiC production workers, which increased by increasing cumulative exposure to dust. These findings support the results from a mortality study among 585 SiC workers in Canada which also showed an increased mortality from non-malignant respiratory diseases (SMR 2.2, 95% CI 1.2 to 3.2). 7 The investigation of mortality from respiratory diseases is problematic due to the possible selection of healthy workers into the workforce, and the selection of susceptible people out of exposed jobs. This bias is difficult to control as it can be related to both duration of work and to levels of exposure, which is the main component of the cumulative exposure index. Such selection may therefore seriously weaken a potential dose-response relation. Furthermore the fact that several workers died before the start of follow up may have resulted in a left censoring of the data. For instance, it was known that 17 people with a confirmed diagnosis of silicosis died before 1961.
In the present study, neither mortality from ischaemic heart diseases nor mortality from cerebrovascular diseases was associated with agents in the work environment. However, also for circulatory diseases the selection of healthy people into employment and survival of the fittest in employment may lead to bias, distorting a possible relation.
High correlation between the various exposures to dust made it difficult to separate potential effects posed by the different types of exposures. It is, however, likely that several of the agents in the work environment have been of importance for our findings. The deaths from pneumoconiosis are likely to have been caused by exposure to crystalline silica and SiC fibres. The observed increased mortality from asthma, chronic bronchitis, and emphysema is probably related to the high overall exposures to dust and possibly exposure to SO 2 .
Despite being based on a substantial number of measurements, the estimation of exposure was inevitably subject to uncertainty. 9 As this is a cohort study and the estimation of exposure can be assumed to be unrelated to disease, differential misclassification of exposure is unlikely.
Smoking is a major risk factor for the diseases of interest, but the results did not seem to have been seriously confounded by smoking. The effect estimates in the internal subanalyses were only slightly affected after the inclusion and adjustment for smoking.
As mortality varies in different parts of Norway, our use of national rates may have biased the overall SMR. The potential bias introduced with national rates has, however, probably not affected the dose-response analyses as the additional internal analyses including indicator variables for plant did not lead to essential changes in the effect estimates.
In conclusion we found an increased mortality from obstructive lung diseases (asthma, emphysema, and chronic bronchitis) among workers exposed to dust in the Norwegian SiC industry. No association was found for circulatory mortality. 
